Dose-dependent reductions in spatial learning and synaptic function in the dentate gyrus of adult rats following developmental thyroid hormone insufficiency.
Thyroid hormones are critical for the development and maturation of the central nervous system. Although somatic and neurological effects are well documented following severe thyroid hormone deprivation, much less is known of the functional consequences of moderate levels of hormone insufficiency. We have previously demonstrated that severe thyroid hormone reductions in the postnatal period are associated with impairments in synaptic transmission in the dentate gyrus. The present study was performed to examine the dose-response relationships of moderate levels of hormone disruption on synaptic function in the dentate gyrus in an in vivo preparation and to determine the effects on spatial learning. Pre- and postnatal thyroid hormone insufficiency was induced by administration of 3 or 10 ppm propylthiouracil (PTU) to pregnant and lactating dams via the drinking water from gestation day (GD) 6 until postnatal day (PN) 30. This regimen produced a 47% and 65% reduction in serum T4, in the dams of the low and high-dose groups, respectively. At the time of testing of adult offspring, hormone status had returned to control levels. In littermates, field potentials evoked in the dentate gyrus in response to stimulation of the perforant path were assessed under urethane anesthesia. The data reveal dose-dependent reductions in synaptic transmission and impairments in long-term potentiation (LTP) of the EPSP component of the compound field potential. In contrast, LTP of the population spike measure was paradoxically enhanced. Spatial learning in the Morris water maze was profoundly impaired in high-dose animals. Although the majority of subjects in the low-dose group eventually acquired the task, their acquisition rate lagged behind control values. Reversal learning was assessed in all animals reaching criterion performance and found to be impaired in PTU-exposed animals relative to controls. These data support previous findings in area CA1 in vitro, extend observations associated with dentate gyrus synaptic function to a lower dose range, and provide correlative evidence of behavioral disruption in a hippocampal-dependent learning task following developmental thyroid hormone insufficiency.